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TITLE 

Dynamic Bushing for Medical Device Tubing 

CROSS-REFERENCE TO RELATED APPLICATIONS 
Not Applicable 

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH 
Not Applicable 

BACKGROUND OF THE INVENTION 

A stent is a radially expandable endoprosthesis which is adapted to be 
implanted in a body lumen. Stents are typically used in the treatment of atherosclerotic 
stenosis in blood vessels and the like to reinforce body vessels and to prevent restenosis 
following angioplasty in the vascular system. They have also been implanted in urinary 
tracts, bile ducts and other bodily lumen. They may be self-expanding or expanded by 
an internal radial force, such as when mounted on a balloon. 

Delivery and implantation of a stent is accomplished by disposing the 
stent about a distal portion of the catheter, percutaneously inserting the distal portion of 
the catheter in a bodily vessel, advancing the catheter in the bodily lumen to a desired 
location, expanding the stent and removing the catheter from the lumen. In the case of a 
balloon expandable stent, the stent is mounted about a balloon disposed on the catheter 
and expanded by inflating the balloon. The balloon may then be deflated and the 
catheter withdrawn. In the case of a self-expanding stent, the stent may be held in place 
on the catheter via a retractable sheath. When the stent is in a desired bodily location, 
the sheath may be withdrawn allowing the stent to self-expand. 

In the past, stents have been generally tubular but have been composed of 
many configurations and have been made of many materials, including metals and 
plastic. Ordinary metals such as stainless steel have been used as have shape memory 
metals such as Nitinol and the like. Stents have also been made of bio-absorbable plastic 
materials. Stents have been formed from wire, tube stock, etc. Stents have also been 
made from sheets of material which are rolled. 
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A number of techniques have been suggested for the fabrication of stents 
from sheets and tubes. One such technique involves laser cutting a pattern into a sheet 
of material and rolling the sheet into a tube or directly laser cutting the desired pattern 
into a tube. Other techniques involve cutting a desired pattern into a sheet or a tube via 

5 chemical etching or electrical discharge machining. 

Laser cutting of stents has been described in a number of publications 
including US 5,780,807 to Saunders, US 5,922,005 to Richter and US 5,906,759 to 
Richter. Other references wherein laser cutting of stents is described include: US 
5,514,154, US 5,759,192, US 6,131,266 and US 6,197,048. 

10 Past laser cutting systems typically mount the tube to be cut from a 

spindle shaft or other rotary assembly wherein the laser is mounted perpendicular to the 
longitudinal axis of the tube. To maintain the position of the tube relative to the laser 
during the cutting process, the tube is typically guided through a rigid or fixed bushing 
which constrains the tube from moving transverse to the longitudinal axis of the tube. 

15 However, if the tube has any outer diameter variations the tube will be capable of slight 
movement within the bushing and potentially move in and out of focus of the laser 
resulting in improper cutting of the tube. Current bushing designs are very operator 
dependent and do not allow for any tubing variability and are thus difficult and time 
consuming to use and maintain. 

20 In light of the above a need exists to provide a more dynamic bushing 

with is capable of maintaining the position of the tube, while being able to 
accommodate a wide variety of tube diameters and surface features without requiring 
extensive modification or manually sizing of the bushing for every tube used therewith. 

All US patents and applications and all other published documents 

25 mentioned anywhere in this application are incorporated herein by reference in their 
entirety. 

Without limiting the scope of the invention a brief summary of some of 
the claimed embodiments of the invention is set forth below. Additional details of the 
summarized embodiments of the invention and/or additional embodiments of the 
30 invention may be found in the Detailed Description of the Invention below. 



A brief abstract of the technical disclosure in the specification is 
provided as well only for the purposes of complying with 37 C.F.R. 1.72. The abstract 
is not intended to be used for interpreting the scope of the claims. 

BRIEF SUMMARY OF THE INVENTION 

The present invention is directed to a variety of embodiments. In at least 
one embodiment the invention is directed to a system for cutting, etching and/or 
otherwise processing a hollow metal tube for manufacturing a stent. In some 
embodiments the tube is engaged to a rotary assembly for rotating the tube relative to a 
laser or other processing tool. In order to prevent the tube from moving transverse to 
the longitudinal axis of the tube the tube is passed through a dynamic bushing. A 
dynamic bushing may be embodied in a variety of forms. For example: 

In at least one embodiment a dynamic bushing comprises a top dead 
center guide and at least two bottom guides, wherein the at least two bottom guides are 
adjustably positioned relative to the to dead center guide to define a variable tube 
retention area. In some embodiments the bottom guides are positioned apart on a piston 
or other moveable member. A pressure regulator, servo proportional regulator, a biasing 
assembly or other device may be used to push the piston and thus the bottom guides 
toward the top dead center guide. In this manner a wide range of tube diameters may be 
held within the tube retention area without creating an undesirable amount of friction 
between the external surface of the tube and the various guides. In at least one 
embodiment one or more of the guides comprise independently adjustable rolling balls 
which individually contact the tube at single point. In some embodiments one or more 
of the guides comprise adjustable leaf springs. 

In at least one embodiment a dynamic bushing comprises a grove in 
which a tube to be processed is positioned. In some embodiments the groove is 
substantially V-shaped so as to contact the tube along only two lines or regions of 
contact. An adjustable arm or other member applies an adjustable force to the tube from 
the exposed 'top' of the groove, to provide a third line or region of contact. Where the 
bushing and rotary assembly are configured to process the tube in a horizontal 
configuration the amount offeree applied by the arm to the tube may be varied 
depending on the weight of the arm or a ballast attached thereto. In a vertical stent 



processing application such as is described in co-pending U.S. Patent Application 
10/190,975, filed July 8, 2002, the arm may retain the tube within the groove by 
utilizing a compression spring, pneumatic or hydraulic cylinder, or other device to vary 
the force directed to the tube by the arm. In some embodiments the dimensions of the 
groove may be varied. In some embodiments the groove and/or arm defines one or 
more fluid holes through which a coolant or other fluid may be passed to create a 
positive pressure to prevent debris from entering the tooling. 

In at least one embodiment the dynamic bushing comprises a hydraulic 
chamber into which at least a portion of the tube is guided. Fluid is injected into the 
chamber from one or more injection ports. A gland plate is positioned adjacent to the 
ends of the chamber in order to regulate pressure and limit release of fluid from the 
chamber. When fluid is injected into the chamber when a, tube is positioned therein, the 
chamber acts as a hydraulic bearing as long as the fluid supplied to the chamber exceeds 
the fluid lost through the gland plates. In some embodiments one or both gland plates 
define a labyrinth to create pressure decreasing zones to minimize loss of fluid from the 
chamber. In use the chamber provides a uniform pressure equally to all surfaces of the 
tube thus providing a highly accurate centering function. 

In at least one embodiment of the invention a processing system may 
comprise a gripper mechanism. In some embodiments the gripper mechanism 
comprises a pneumatically actuated gripper having two jaws that are moveable between 
a release position and a gripping position. In some embodiments the gripper is mounted 
on a low friction pivot for self-alignment of the gripper relative to the tubing to be 
processed. In some embodiments a processing system comprises a dynamic bushing and 
a gripper mechanism. 

These and other embodiments which characterize the invention are 
pointed out with particularity in the claims annexed hereto and forming a part hereof. 
However, for a better understanding of the invention, its advantages and objectives 
obtained by its use, reference should be made to the drawings which form a further part 
hereof and the accompanying descriptive matter, in which there is illustrated and 
described embodiments of the invention. 
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S) 
A detailed description of the invention is hereafter described with 

specific reference being made to the drawings. 

FIG. 1 is a side view of an embodiment of the invention. 
5 FIG. 2 is a close-up side view of the retention area of the embodiment 

shown in FIG. 1 wherein a tube is engaged therein. 

FIG. 3 is a close-up side view of the retention area of the embodiment 

shown in FIG. 1 wherein the tube is not fully engaged therein. 

10 FIG. 4 is a cross-sectional view of an example of a guide mechanism 

suitable for use in the embodiment shown in FIG.l. 

FIG. 5 is a perspective view of an embodiment of the invention. 

FIG. 6 is a cross-sectional side view of the embodiment shown in FIG. 5 

FIG. 7 is a perspective view of an embodiment of the invention similar to 
15 that shown in FIG. 5, wherein the top plate or arm in the open position and the ballast is 
replaced with a compression spring assembly. 

FIG. 8 is an exploded view of the embodiment shown in FIG. 7. 

FIG. 9 is a perspective view of an embodiment of the invention. 

FIG. 10 is a longitudinal cross-sectional view of an embodiment of the 

20 invention. 

FIG. 1 1 is a partial perspective view of an embodiment of the invention 
comprising a tubular cutting system having a gripping mechanism and dynamic bushing. 

FIG. 12 is a partial perspective view of the embodiment shown in FIG. 
1 1 wherein the gripping mechanism is illustrated in detail. 

25 

DETAILED DESCRIPTION OF THE INVENTION 

While this invention may be embodied in many different forms, there are 
described in detail herein specific preferred embodiments of the invention. This 
description is an exemplification of the principles of the invention and is not intended to 
30 limit the invention to the particular embodiments illustrated. 

For the purposes of this disclosure, like reference numerals in the figures 
shall refer to like features unless otherwise indicated. 



As indicated above the present invention is directed to a variety of 
embodiments. In at least one embodiment, shown in FIG. 1, the invention is directed to 
a dynamic bushing assembly (assembly), indicated generally at 10, for constraining the 
tube 12 when an end of the tube 12 is engaged to a tubular member cutting system or 
rotary assembly 200, such as the example shown in FIG. 1 1, for use in processing the 
tube into a stent or other device. 

In the embodiment shown in FIG. 1, a portion of the tube 12 is passed 
through and positioned within a tube retention area 14. The retention area 14 is defined 
by at least two bottom guides 16 and 18 and at least one top or center guide 20. One or 
more of the guides 16, 18 and 20 are adjustable in position relative to the others to allow 
the effective diameter of the retention area 14 to be expanded or contracted as desired 
depending on the diameter of the outer surface 15 and/or other external surface 
characteristics of the tube 12. 

In at least one embodiment the top guide 20 is statically mounted to a 
crown 22. Crown 22 may be any type of structure or member suitable for maintaining 
the top guide 20 in a stable position during processing of the tube 12. In at least one 
embodiment, such as in the example shown, the crown 22 is a substantially U-shaped 
member with the top guide engaged to the crown at the internal apex 24 of the crown 
22. 

In order to provide a retention area 14 which is of an appropriate shape to 
receive a tube 12 the bottom members are positioned on a substantially concave 
platform 26. Platform 26 defines a surface of a piston 28 which may be adjustably 
positioned relative to the crown 22, thereby providing a mechanism for moving the 
guides 16 and 18 relative to the top guide 20. Thus by moving the piston 28 and the 
associated guides 16 and 18 away from the top guide 20 the retention area may be 
enlarged, and by moving the piston 28 toward the top guide 20 the size of the retention 
area 14 is reduced. 

To provide the assembly 10 with improved stability, the piston 28 is 
positioned within a piston housing 30 which prevents the piston 28 from moving lateral 
to the tube 12 regardless of the position of the piston 28 relative to the top guide 20. 
The housing 30 is mounted to and at least partially contained within a cradle 32 which 
may be moveably or fixedly engaged to a floor or other surface upon which the 
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assembly 10 rests. In some embodiments the cradle 32 is engaged to a base 34 having 
an elevator mechanism 36 which allows the cradle 32 and components supported 
thereby to be vertically repositioned as desired. 

As is shown in FIG. 2, a tube 12 is retained within the retention area 14, 
5 when the piston 28 is moved adjacent to the top guide 20 so that the outer surface 15 of 
the tube 12 is in contact with all three guides 16, 18 and 20. 

In some embodiments at least guides 16 and 18 may be independently 
moveably adjustable relative to each other along the platform 26. 

In the embodiment shown in FIGs. 2 and 3 the guides 16, 18 and 20 are 
10 defined by a guide housing 50 which contains a biasing mechanism 52. The biasing 
mechanism 52 biases a bearing or roller ball 54 in an outward direction away from the 
housing 50. By moving the guides 16, 18 toward the top guide 20 the roller balls 54 of 
each guide 16, 18 and 20 contact the outer surface 15 of the tube 12 at a single point 
respectively. The roller balls 54 of each guide are freely rotatable within the housings 
15 50, as a result, when the roller balls 54 contact the tube 12, the tube 12 is able to be 
rotated about a longitudinal axis 60, but remains restrained from moving transverse to 
the longitudinal axis 60 about which the tube is disposed such as is shown in FIG. 2. 

In order to prevent excess wear on the roller balls 54, in some 
embodiments the balls 54 are at least partially constructed from or coated with a 
20 ceramic, crucible powder metal, tungsten carbide, and/or other hard wear resistant 
material. 

The biasing mechanism 52 within each housing 50 may be any type of 
mechanism which expresses a K-factor or biasing force, such as for example a spring, a 
pressurized fluid column, hydraulic mechanism, etc. The K-factor or amount of biasing 

25 force of each guide 16, 18 and 20 may be independently adjusted as desired. In at least 
one embodiment the K-factor expressed by the top guide 20 is greater than that of the 
bottom guides 16 and 18. 

In an alternative embodiment of the guides shown in FIGs. 2 and 3, one 
or more of the guides 16, 18 and 20 may comprise a leaf spring 62 such as is shown in 

30 FIG. 4. In the case of the bottom guides 16 and 18, a first end 64 of each leaf spring 62 
is adjustably engaged to the platform 26 of piston 28. The second end 66 of the leaf 
spring 62 extends outwardly away from the first end 64 to define an adjustable biasing 
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angle 68. The second end 66 of each leaf spring 62 is designed to tangentially contact 
the tube 12 when the piston is moved into position to secure the tube 12 within the 
retention area 14. In the case of the top guide 20 the first end 64 of the leaf spring is 
adjustably engaged to the crown 22. 
5 An alternative embodiment of the invention is shown in FIGs 5-8, 

wherein a the assembly 10 is comprised of a base block 80 which partially defines a 
substantially V-shaped tube retention area 14 within which tube 12 is retained during a 
stent cutting process. Retention area 14, is defined on two sides by V-groove 70 portion 
of the base block 80. As is best shown in FIG. 6, the V-groove 70 comprises two sides 
10 72 and 74 which form an angle 76 greater than 0 degrees but less than 1 80 degrees. In 
at least one embodiment the angle 76 is between about 45 degrees and about 135 
degrees. 

In some embodiments the angle 76 and thus the distance between sides 
72 and 74 may be varied to accommodate a wide variety of tube outer diameters. 

15 However, even in an embodiment where the angle 76 is fixed a wide range of tube 

diameters may be accommodated within the V-groove 70. A tube 12 is retained within 
the V-groove 70 by engaging each side 72 and 74 of the groove at a tangential point or 
line of contact 77 and 79 which is substantially parallel to the longitudinal axis 60 about 
which the tube 12 is mounted. Depending on the outer diameter of the tube 12 the 

20 position of the lines of contact 77 and 79 relative to the sides 72 and 74 will vary. Only 
if the tube 12 has an outer diameter greater than the widest distance between sides 72 
and 74 would it be necessary to enlarge the angle 76 to increase the distance between 
sides 72 and 74. 

To prevent wear and minimize friction, the sides 72 and 74 are at least 
25 partially constructed from a material having a hardness of at least 64 as measured on the 
Rockwell-C hardness scale. In at least one embodiment the V-groove 70 is a carbide 
insert within the base block 80. 

The sides 72 and 74 may be wire burned, polished and/or coated with a 
material such as titanium nitrate or other hardening agent(s). A hardening agent may be 
30 applied to the sides 72 and 74 by vapor deposition or other desired method. In some 
embodiments sides 72 and 74 are coated with a lubricant. 



As is shown in FIGs. 6 and 8, in some embodiments the sides 72 and 74 
define one or more coolant ports 82 through which a coolant, indicted by arrows 84 may 
be injected into the retention area 14. The coolant 84 creates a positive pressure within 
the retention area 14 to prevent slag and other debris from entering the assembly 10. 
Ports 82 pass through the block 80 and are in fluid communication with one or more 
fittings 86. Fittings 86 are in turn in fluid communication with a fluid source (not 
shown). Fluid or coolant 84 may be injected into, as well as removed, from the V- 
groove 70 by the one or more fittings 86. 

In order to secure the tube 12 within the V-groove 70 a top plate or arm 
90 is pivotally mounted to the base block 80 at a pivot hinge 99. As illustrated in FIG. 
8, pivot hinge 99 may be a nut and bolt assembly, a dowel, or any other retaining 
mechanism which provides the arm 90 the ability to be pivotally engaged to the block 
80. The arm 90 is moveable between an open position wherein the V-groove is open or 
uncovered such as is shown in FIG. 7, and a closed position, shown in FIGs. 5 and 6, 
wherein the arm 90 overlays the V-groove 70 and tangentially contacts the tube 12 at a 
top point or line of contact 81. 

As best shown in FIG. 6 by closing the arm 90 over the V-groove 70, a 
tube contained within the retention area 14 will be tangentially engaged along three lines 
of contact 77, 79 and 81. The arm 90 may comprise a contact member 94 which is in 
contact with the tube 12 to form the top line of contact 81. Like the sides 72 and 74 of 
the V-groove 70, in some embodiments the contact member 94 is a carbide insert or 
other material having a hardness of at least 64 as measured on the Rockwell-C hardness 
scale. 

The contact member 94 may be wire burned, polished and/or coated with 
a material such as tin, titanium nitrate, or other hardening agent. A hardening agent may 
be applied to the contact member 94 by vapor deposition or other desired method. In 
some embodiments contact member 94 is coated with a lubricant. 

In some embodiments such as is shown in FIG. 5, the contact member 94 
is substantially cylindrically shaped. The contact member 94 may be freely rotatable 
relative to the arm 90 and the tube 12 to reduce wear on the tube 12 during rotation 
thereof. Alternatively, the contact member 94 may be a flat planar surface, a point or 
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edge or may be any other shape desired. In some embodiments the contact member 94 
may comprise a polyethylene insert. 

In the embodiments shown in FIGs 5 and 6, arm 90 is held in the closed 
position over the tube 12 simply as a result of the orientation of the assembly 10 which 
5 allows gravity to pull the arm down. If necessary or desired the arm may comprise a 
ballast member 96 which provides additional weight to the arm 90 to ensure the arm 
remains securely in position over the V-groove 70. Ballast member 96 may have a 
weight of zero to about 1/2 of a pound (8 oz., 227 grams). In some embodiments the 
ballast member 96 weighs about !4 of a pound (4 oz., 113 grams) to about 3/8 of a 

10 pound (6 oz. 170 grams). 

In the embodiments shown in FIGs. 7 and 8, a compression spring, air 
cylinder or other biasing mechanism 98 may be utilized to retain the arm 90 in the 
closed position, rather than a ballast member or gravity alone. A biasing mechanism 98 
may be utilized to vary the amount of downward force applied to the tube 12 when the 

15 arm is in the closed position. 

If desired the assembly 10, such as is shown and described in FIGs. 5 and 
6 may be inverted, as is shown in FIG. 9, so that the tube 12 tends to fall away from the 
sides 72 and 74 of the V-groove 70 unless the arm 90 is held in the closed position. In 
such an inverted embodiment, such as is shown in FIG. 9 the arm 90 is reconfigured to 

20 mount the ballast member 96 on an opposing end of the arm than in the embodiments of 
FIGs. 5 and 6. Repositioning the ballast member 96 has the affect of allowing the arm 
90 to be biased in an upward direction against the tube 12. 

In the various embodiments shown in FIGs. 5-6 and 9 the assembly 10 
may be mounted or otherwise engaged directly to an existing rotary assembly (not 

25 shown) using a mounting arm 91 . Mounting arm 91 may have any shape or 

configuration to allow the assembly 10 to allow the tube 12 to extend from the rotary 
assembly through the dynamic bushing assembly 10 along a common longitudinal axis 
60. 

In yet another embodiment of the invention, an example of which is 
30 shown in FIG. 10, the assembly 10 may comprise a tooling block 1 10 which defines a 
retaining area 14 in which a portion of the tube 12 is inserted. The block 110 further 
defines one or more coolant ports 82 which are in fluid communication with the 
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retaining area 14. Coolant or other media 84 is injected into the retaining area 14 
through the one or more ports 82. The media 84 not only acts to cool the tube 12 during 
the cutting process but also creates a positive pressure within the retaining area 14 to 
prevent dross, slag or other debris from entering the block 110. 
5 Fluid media 84 may be any type of fluid such as including but not limited 

to: water, oils, water soluble cutting solutions, etc. 

In some embodiments the block 110 defines a first or upstream end 1 14 
and a second or downstream end 116. Adjacent to the first end 1 14 is positioned an 
upstream gland plate 120 in fluid communication with the retaining area 14. Adjacent 

10 to the second end 1 16 is positioned a downstream gland plate 124 that is also in fluid 
communication with the retaining area 14. 

In some embodiments each gland plate 120 and 124 defines a labyrinth 
122 and 126 respectively. Labyrinths 122 and 126 define one or more fluid pressure 
decreasing zones 130 which act to minimize loss of fluid media 84 injected into the 

15 retaining area 14. 

When a fluid media 84 is injected into the retaining area 14, the media 84 
forms a hydraulic bearing which retains the tube 12 within the retaining area as long as 
the media 84 injected into the retaining area, as indicated by arrow 84a far exceeds the 
amount of fluid media being lost through the gland plates 120 and 124. Though the 

20 hydraulic bearing created by the injection of fluid media 84 retains the tube 12 in the 
retaining area 14, the tube 12 is free to be rotated by any external means with the fluid 
media 84 providing a minimum of fractional interference. 

The hydraulic bearing action of the embodiment shown in FIG. 10 
provides a high centering accuracy due to the fact that the tube 12 is supported by equal 

25 pressure on equal surface areas of the tubing. By manipulating the fluid pressure, fluid 
viscosity, and the exposed surface area of the retaining area different process parameters 
may be attained. 

During the cutting of the tube 12 by the rotary assembly 200, such as is 
depicted in FIG. 11a dynamic bushing assembly 10 constrains a distal portion 202 of 
30 the tube 12. While a distal portion 202 of the tube 12 is engaged by the dynamic 

bushing assembly 10, a more proximal portion 204 of the tube 12 is engaged by a rear 
collet 206 which provides further stability along the length of the tube 12 during the 
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cutting process. After the cutting of a portion of the tube 12 is complete, the rear collet 
206 is placed in an open configuration to release the tube 12, while the tube 12 remains 
engaged by the dynamic bushing 10 in accordance with any of the manners or 
configurations described herein. Before the tube 12 is released by the rear collet 206, a 
gripper mechanism 210 having at least two engagement members or moveable jaws 212 
and 214, such as is shown in FIGs. 1 1 and 12, is actuated from an open position to a 
closed position wherein the jaws 212 and 214 are moved toward one another to grip the 
tube 12 while the tube is advanced within the assembly 200. 

In at least one embodiment, jaws 212 and 214 are substantially rigid 
members that may be mounted parallel to one another or may be displaced at any angle 
desired. Each jaw 212 and 214 is provided with a gripping surface 216 which is 
constructed and arranged to engage the tube 12 so that the lateral movement of the tube 
is reduced or eliminated but the tube 12 is able to be advanced in a longitudinal 
direction without significant resistance. As such, the gripping surface 216 may be 
constructed of a variety of materials that may be relatively soft, hard, or a combination 
and/or composite thereof. In at least one embodiment the surface 216 is at least partially 
constructed of one or more relatively soft pads of natural and/or man-made materials 
such as wool, cotton, nylon, polyester, cloth, fiber, leather, etc. In some embodiments a 
relatively hard material may be used in conjunction with a relatively soft material to 
form the surface 216. For example, in at least one embodiment the surface 216 
comprises a layer of relatively hard material and a layer of relatively soft material. 

In at least one embodiment, the jaws 212 and 214 of the gripper 
mechanism 210 may be pneumatically actuated by a pneumatic source 220. In order to 
provide the mechanism 210 with a self-centering capability the mechanism 210 includes 
a counter weight 224 mounted opposite to the jaws 212 and 214. The entire assembly 
210 is mounted on and about a low friction pivot member 222. The assembly is in 
substantially balanced gravitational equilibrium about the pivot member 222, which 
allows the jaws 214 and 214 to self-align on the center of the tube 12 and thus 
accommodate a wide range of tube 12 diameters without significant change over tasks 
or tooling changes. 

The above disclosure is intended to be illustrative and not exhaustive. 
This description will suggest many variations and alternatives to one of ordinary skill in 
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this art. All these alternatives and variations are intended to be included within the 
scope of the claims where the term "comprising" means "including, but not limited to". 
Those familiar with the art may recognize other equivalents to the specific embodiments 
described herein which equivalents are also intended to be encompassed by the claims. 
5 Further, the particular features presented in the dependent claims can be 

combined with each other in other manners within the scope of the invention such that 
the invention should be recognized as also specifically directed to other embodiments 
having any other possible combination of the features of the dependent claims. For 
instance, for purposes of claim publication, any dependent claim which follows should 

10 be taken as alternatively written in a multiple dependent form from all prior claims 
which possess all antecedents referenced in such dependent claim if such multiple 
dependent format is an accepted format within the jurisdiction (e.g. each claim 
depending directly from claim 1 should be alternatively taken as depending from all 
previous claims). In jurisdictions where multiple dependent claim formats are restricted, 

15 the following dependent claims should each be also taken as alternatively written in 
each singly dependent claim format which creates a dependency from a prior 
antecedent-possessing claim other than the specific claim listed in such dependent claim 
below. 

This completes the description of the preferred and alternate 
20 embodiments of the invention. Those skilled in the art may recognize other equivalents 
to the specific embodiment described herein which equivalents are intended to be 
encompassed by the claims attached hereto. 



